Human endometrium undergoes modifications in preparation for embryonic implantation. This study investigated in vivo the endocrine effects of pregnancy on the endometrium, using the model of ectopic pregnancy. Endometrial biopsies from 9 subjects with ectopic pregnancy (Preg) were compared with 8 and 6 samples of mid and late secretory endometrium, respectively. After hybridizing with Affymetrix HGU133 Plus 2 chips, data were analyzed using GeneSpring GX and Ingenuity Pathways Analysis. From 54 675 genes, 3021 genes were significantly differentiated when mid-secretory endometrium was compared with the Preg (Volcano plot; P < .05, ≥2-fold change).The complement and coagulation cascade, phospholid degradation, glycosphingolipid biosynthesis (globoseries), retinol metabolism, antigen presentation pathway, glycosphingolipid biosynthesis, and O-glycan biosynthesis were main significant canonical pathways found in Preg samples. Validation was done with reverse transcriptase polymerase chain reaction. In conclusion, the ectopic embryo has a significant impact, by an endocrine mechanism, on endometrium, when compared with the window of implantation.
endometrial stromal compartment for further growth and development likely occur primarily by paracrine signaling between cells of the conceptus and the decidua. 4 As gestation proceeds, there are multiple interactions occurring simultaneously. For example, human chorionic gonadotropin (hCG) is secreted from the preimplantation embryo and likely serves paracrine functions at the time of nidation, as well as its known endocrine function of stimulating progesterone production by the corpus luteum for pregnancy maintenance. In addition, there are multiple placental products found in the maternal circulation early in gestation (eg, steroid hormones, placental growth hormone, adrenocorticotropic hormone [ACTH], human placental lactogen, dimeric inhibin, pregnancyassociated plasma protein-A [PAPP-A], and pregnancyspecific glycoproteins, among others 5 ) that likely are endocrine signals from the conceptus to other tissues in the maternal host, including the endometrium.
We and others have defined the transcriptome of human endometrium, with a focus on the window of receptivity (mid-secretory endometrium, MSE) in nonconception cycles. [6] [7] [8] [9] The endometrial transcriptome, biological processes, and biochemical pathways beyond this time period, in the absence of pregnancy, reflect molecular preparation for tissue desquamation and are uninformative H uman endometrium is a steroid-responsive tissue that undergoes histologic, structural, biochemical, and programmed gene expression changes throughout the menstrual cycle in preparation for embryonic implantation. [1] [2] [3] In the very early stages of implantation, embryo attachment to the endometrium and penetration into the about changes in a conception cycle. In a conception cycle, extending our knowledge into the late secretory phase (week 4 and beyond), has been difficult to investigate because of ethical concerns and confounding contributions of the conceptus/placenta in whole tissue analyses. Thus, alternative approaches have been pursued to unravel trophoblast/endometrium cross-talk, including coculture of human endometrial cells and trophoblast, 10, 11 effects of media from human trophoblasts on decidualized stromal fibroblasts, 10 animal models, 12 and molecular profiling of first trimester abortion specimens. 13 Ectopic pregnancy, where the conceptus is extrauterine, is a useful model to study the changes in the intrauterine endometrium during pregnancy. In this clinical setting, the endocrine effects of pregnancy on the endometrial transcriptome can be investigated without the confounding effects of placental factors or direct paracrine trophoblast-decidua interactions. Herein, we have compared the endometrial transcriptome from women with tubal gestation to that of endometrium of normal, nonpregnant women during the middle (and late) secretory phase of the menstrual cycle. While acknowledging the limitations of this model, these data have relevance to pregnancy maintenance in normal and abnormal settings and give insight into the endometrial changes that occur inside the uterus during the first trimester of pregnancy without the presence of the embryo inside the uterine cavity. In addition, this study has generated provocative hypotheses for subsequent research.
MATERIALS AND METHODS

Sample Collection and Processing
Endometrial samples from pregnant women (n = 9) were obtained from normally cycling subjects undergoing laparoscopic surgery for ectopic pregnancy at Hospital de Clínicas de Porto Alegre, Brazil. After written informed consent, endometrial samples were obtained by suction using a Karman plastic curette (MedGyn Products Inc, Lombard, Illinois), after visual confirmation of the ectopic pregnancy at laparoscopy, but before starting the oviductal surgery. Specimens were snap frozen in liquid nitrogen and stored at −80ºC until microarray analysis. Additional samples (n = 4) were fixed in 10% formalin and paraffin embedded for microarray validation through immunohistochemistry. These additional samples will permit the generalization of the microarray data. All patients were normo-ovulatory, had not received methotrexate treatment, or other hormonal medications within 3 months of the surgery, and had no or light uterine bleeding. All histology reports from the endometrial biopsy derived from cases of ectopic pregnancy showed the typical decidual changes in endometrial epithelium.
Gene array data from normally cycling women were obtained from the databank of our previous study. 14 The final experiment compared 3 conditions: MSE (n = 8); endometrium from subjects with tubal ectopic pregnancy (Preg; n = 9), and late secretory endometrium (LSE; n = 6). Subject characteristics are shown in Table 1 . Samples from LSE were included mainly for ingenuity pathway analysis. This premenstrual phase represents a nonconception cycle, and variations of expression of a certain gene could be seen from the MSE to Preg (conception cycle), or to LSE (nonconception cycle).
Sample Size and Ethical Issues
This study was submitted and approved by the Brazilian National Committee on Ethics in Research (CONEP 1731/2005) and by the Committee on Human Research at University of California, San Francisco (H52883-31577-01). Sample size was calculated according to the literature, 15 considering the median of a standard deviation of 0.2 for HG U133 Plus 2 microarray data set, a minimal 2-fold change for considering a true effect size, a proportion of nondifferentially expressed genes of 0.9, a power of 0.8 and a false discovery rate (FDR) of 0.05. The sample size for these parameters yielded at least 6 samples per group. 15 
RNA Preparation/Target Preparation/Array Hybridization and Scanning
Total RNA extraction was performed from each sample using Trizol reagent (Invitrogen, Carlsbad, California) according to the manufacturer's instruction. The RNA preparations were DNase treated and further purified using the RNeasy Mini Kit (QIAGEN, Valencia, CA). The purity was analyzed by both the 260/280 absorbance ratio as well as gel electrophoresis on 1.5% agarose gels. Samples were stored in RNase-free water until further analysis. First-strand and second-strand cDNAs were prepared as described previously. 14 Individual samples were hybridized overnight to high-density human genome (HG) U133 Plus 2.0 Arrays (Affymetrix, Inc, Santa Clara, CA), containing 54 675 gene probe sets. Subsequently, the chips were scanned using an HR3000 scanner, and the data were extracted using the Affymetrix GeneChip Operating Software (GCOS) version 1.1.
Microarray Gene Expression Data Analysis
The intensity values of different probe sets (genes) generated by Affymetrix GCOS were imported into GeneSpring GX version 7.3.1 software (Agilent Technologies, Inc, Santa Clara, CA) for data analysis. The data files (.CEL files) containing the probe level intensities from our previous study, 14 that is, the early proliferative phase, mid and late secretory phase, plus the new data from the endometrium in ectopic pregnancies were preprocessed by Robust Multichip Average (RMA), according to the gene information from the array.The RMA analyses converted the probe-level expression data into gene-level expression data that were normalized, which is the most consistent "good performance." 16 The RMA normalization steps ensured that the distribution of the expression values was comparable across the HG U133 Plus 2 chips. An additional normalization step (per gene: normalize to the median) was used, which ensured that the expression value for one gene across the different conditions was centered on 1, by dividing the expression value by the median value of the expression values for that gene across conditions. This ensured that genes that do not change across conditions got a normalized expression value of 1, allowing for easy visual detection of differentially expressed genes. After identifying sample replicates, gene signals were transformed into a log ratio for normal distribution.
Only the data from MSE, LSE, and Preg were used. Quality control was performed filtering the genes below 3 standard errors of the chips. Further filtering was performed to eliminate outlier genes within samples, by using the 95% confidence interval, resulting in the final working gene list consisting of 38 704 genes.
Hierarchical Clustering
The working gene list was submitted to hierarchical clustering to identify samples with similar patterns of gene expression. The smooth correlation for distance measure algorithm (GeneSpring) was used.
Statistical Analysis
The Volcano plot was applied to gene lists from 2 conditions.The values of fold change and P values between these 2 conditions were plotted for each gene. 17 The conditions Preg versus MSE were analyzed.The Volcano plot considered genes with equal variance, and genes that had ≥2-fold change and a P value <.05 in the Student's t test were selected. The Benjamini-Hochberg multiple testing correction for FDR at 0.05 was used.A separate analysis, using nonparametric statistics between Preg versus MSE, was performed to confirm the gene list generated by the parametric analysis with Volcano plot.The same settings on fold change and FDR were used. Concordance was identified by the kappa coefficient (κ), which measures pairwise agreement among a set of category judgments, correcting for expected chance agreement.A κ value of <.20 indicates weak correlation, .21 to .40 fair, .41 to .60 moderate, .61 to .80 good, and .81 to 1 excellent correlation. 18 Further comparisons were made between successive cycle phases using 1-way analysis of variance (ANOVA): MSE, LSE, and Preg with a P < .05 for Ingenuity Pathway Analysis (IPA).The Benjamini-Hochberg multiple testing correction for FDR at 0.05 and Tukey as the post hoc test, resulted in a gene list of 32 912 genes that were further filtered on ≥2-fold change, comparing MSE versus Preg and LSE for IPA. Preliminary data obtained from ANOVA were further analyzed through IPA 5.0 (Ingenuity Systems, http://www.ingenuity.com) for each individual condition and with comparisons between them.
Canonical pathway analysis: entire data set. Canonical pathway analysis identified pathways from the IPA library of canonical pathways that were most significant to the data set. Genes from the data set that met the 2.0 cutoff of log ratio with a P value <.05 and were associated with a canonical pathway in the Ingenuity Pathways Knowledge Base were considered.The significance of the association between the data set and the canonical pathway was measured in 2 ways: (1) A ratio of the number of genes from the data set that map to the pathway divided by the total number of genes that map to the canonical pathway is displayed; (2) Fisher's exact test was used to calculate a P value determining the probability that the association between the genes in the dataset and the canonical pathway is explained by chance alone.
Pathways graphical representation. IPA Pathways are a graphical representation of the molecular relationships between genes/gene products (http://www.ingenuity.com/company/ pdf/Citation_Guidelines_2005-09-13.pdf).
Validation of Microarray Data by Real-Time Polymerase Chain Reaction
First-strand cDNA was generated from 1 μg of total RNA using the iScript cDNA synthesis Kit (Bio-Rad, Hercules, CA). Genes of different expression fold changes in Preg and MSE were selected for validation by realtime polymerase chain reaction (PCR), as described previously, 14 with some modifications. Briefly, real-time PCR was performed using the same samples from Preg (n = 9) and MSE (n = 8) and were performed in duplicate using the Brilliant SYBR Green PCR kit (Stratagene, La Jolla, CA) according to the manufacturer's specifications. Ribosomal protein L19 (RPL19) was the chosen normalizer. 14 Primers are listed in Table 2 . Primer performance and quality were accessed by standard curves with serial dilutions of pooled samples, as described. 14 The efficiencies of amplification (EFF) for each gene were obtained from Mx3005P software (Stratagene, La Jolla, CA) in the exponential phase of the amplification curve. PCR thermal profiles were run using the Mx3005P (Stratagene). 14 Primers with standard curves that showed 100% amplification efficiency (±10%) were used in subsequent sample analyses. Ct values were calculated by the Mx3005P software based on fluorescence intensity values after normalization with an internal reference dye and baseline correction. 14 Statistical analysis of the RT-PCR data were performed using the Mann-Whitney test of the relative expression of each group, with P < .05.
Immunohistochemistry
Additional formalin-fixed paraffin-embedded endometrial samples (n = 4 Preg and n = 4 MSE) were used for immunostaining the highest gene expressed in our microarray analysis (matrix metalloproteinase-7, MMP7). Archived breast cancer samples were used as positive controls. Negative control was obtained by using low concentration (2 μg/mL) of primary antibody. Sections were cut (8 μm), deparaffinized, hydrated and treated with 0.3% H 2 O 2 -methanol for 30 minutes at 25ºC to reduce endogenous peroxidase activity. Nonspecific sites were blocked with 2% normal goat serum. After 3 × 5 minutes phosphate buffered saline (PBS) washings, mouse monoclonal anti-MMP7 active form (IM47, 15 μg/mL; Calbiochem, San Diego, CA) was incubated overnight at 4ºC in a humidity chamber. After additional 3 × 5 PBS washings, another blocking with 2% normal goat serum followed by 1 hour of incubation with biotinylated anti-mouse IgG (BA-9200, Vector Laboratories, Burlingame, CA) at 25ºC was performed. Slides were incubated with avidin DHbiotinylated horseradish peroxidase H complex (Vectastain Standard ABC kit,Vector Laboratories) for 1 hour at 25ºC followed by immersion in 3,3′-diaminobenzidine tetrahydrochloride (Aldrich Chemical Co, St Louis, Missouri) at 150 mg/200 mL 0.05 M Tris buffer containing 0.002% H 2 O 2 for 10 minutes with constant stirring. Sections were exposed to osmium vapors and counterstained with 0.05% toluidine blue in 30% ethanol, dehydrated, cleared in xylene and mounted with Permount (Fisher Scientific, Hanover Park, IL). Photographs were taken using a SPOT-4 Megapixel Digital Color Camera System (Diagnostic Instruments, Inc, Sterling Heights, Michigan) attached to a Nikon ECLIPSE E600 microscope and prepared using SPOT image processing software.
RESULTS
Gene Expression Data Distribution and Hierarchical Clustering
The gene expression data were normally distributed with log ratio transformation in all 3 physiologic groups. The concordance in the gene list generated between parametric and nonparametric analyses was excellent, with the κ value at 0.95. Figure 1 shows the dendrogram of sample clustering and the heatmap of gene expression for all 3 physiologic groups (MSE, LSE, and Preg).The hierarchical tree with branches indicates the relationships between the different samples, using Pearson correlation for similarity measures, and demonstrates that sample groups segregate into 3 main branches, showing similarity within the samples within each physiologic state but clear differences between sample groups.
Volcano Plot/ANOVA
When Preg was compared with MSE, the parametric Volcano plot/ANOVA analysis generated a gene list of 3021 genes, of which 1990 were upregulated and 1031 were downregulated.Analysis of LSE versus MSE yielded a list of 973 genes, of which 515 were upregulated and 458 were downregulated.The genes that are upregulated and downregulated ≥4-fold are in listed in Tables 3 and 4 , respectively.
Ingenuity Pathways Analysis
ANOVA analysis comparing the MSE, LSE, and Preg groups and considering only a P < .05, without considering a fold change, resulted in preliminary composite list of 32 912 genes for uploading to IPA, which can show the changes of the genes over these 3 conditions. These genes with their corresponding gene identifiers, log ratio expression values, and P values were uploaded into the application, and after using a 2-fold cutoff, the analysis identified 774 genes eligible for generating networks.
Canonical pathways analysis. From all canonical pathways from the IPA, 7 pathways reached the 2-fold cutoff in the Preg group. Natural killer cell signaling pathway had a significant increase in LSE, but no expression in Preg ( Figure 2 ). From these pathways, the complement system has the highest significant expression ( Figure 2 ). In the early stages of pregnancy, although factor B is upregulated, the alternate pathway is inhibited by complement factor H (CFH), which has a 4-fold increase (P < .0001). There is no expression of activated C3.The classical pathway is not active either because C4b is not expressed or regulated. The membrane attack complex, composed of C5-C9 (in the late steps of complement activation), did not reach the 2-fold preestablished cutoff ( Figure 3 ).The major histocompatibility complex, class I, E in the antigen presentation pathway ( Figure 4 ) was upregulated in the Preg samples.
Validation of Microarray Data by Real-Time PCR
Real-time PCR analysis confirmed the microarray data of regulation of a subset of 21 genes (except CFI, which was only identified in IPA analysis by statistical difference, not by fold change). Statistical analyses for each validated gene using all samples (n = 19) are listed for comparison in Table 5 .
Validation of Microarray Data by Immunohistochemistry
The immunostaining for active form of MMP7 was present in the stromal and glandular cells of Preg samples, while in MSE, weak or absent expression was found in stromal cells ( Figure 5 ). Positive and negative controls stained positively and negatively, respectively (data not shown).
COMMENT
The endometrial changes that occur between the midsecretory phase of the menstrual cycle until the pregnancy have been difficult to extrapolate given the ethical and scientific limitations involved in studying early pregnancy. Several array data sets compiled from human pregnancy are available, but they used in vitro models, 10, 11 or in vivo models in the presence of the trophoblast. 13 By analyzing the endometrium from the uterine cavity in the setting of a tubal pregnancy, we were able to identify dramatic changes that reflect the endocrine milieu of pregnancy without the contribution of the conceptus inside the uterine cavity and this may be the reason why many differences were found comparing our model to the published data. For instance, Chen et al 13 of the trophoblast, and they presented a list of 48 genes that were upregulated in the decidua. From these genes, only 7 were in common with our gene list (IGFBP1; thrombin receptor-like 2; protein tyrosine phosphatase, receptor type; AXL receptor tyrosine kinase; CD54; NADH dehydrogenase [ubiquinone] 1; and microsomal glutathione S-transferase 1). Furthermore, the highly expressed presence of insulin receptor found by Chen et al 13 and Popovici et al, 11 who used a coculture model, was not found in our study, underlying the difference made by the local presence of the trophoblast.The comparison between the transcriptome of MSE to the decidua in a setting of an ectopic pregnancy gives valuable insight into the modifications of genes, gene families, and pathways that occur from the window of implantation (MSE) to the early gestation period as a result of secretion of products from the ectopic trophoblast.We are not able to distinguish if the differences found are derived from the products of the corpus luteum or from the ectopic trophoblast and embryo. A study having women taking estradiol and progesterone for 6 weeks could help explain it, but it could face ethical concerns.The numerous genes, gene families, and canonical pathways that are upregulated in the decidua in the setting of tubal gestation, compared with MSE, are subject to several interpretations. Some of the genes and pathways may be regulated in an endocrine fashion by products from the corpus luteum and the ectopic placenta, or from a prolonged exposure of their products. Caution regarding interpretation of these results is required given that endocrine parameters in ectopic pregnancy may vary from that of normal pregnancies. Some may be absent or have limited expression in endometrial decidua with ectopic gestation because they ordinarily result from paracrine interactions between the trophoblast and the decidual cells in a normal pregnancy.There may be a threshold value at which gene expression in the decidua is maintained or even stimulated, and below which, gene expression may be suppressed. Also, the presence of a placenta in the fallopian tube may result in paracrine signaling between the trophoblast and oviductal cells that could result in secreted products (eg, cytokines, chemokines) affecting the uterine decidual transcriptome. Of note, the majority of our LSE samples had leiomyomas, which could be a limitation of our study. Because our main analysis was based on MSE versus Preg, the potential impact of this is minimal based on our final analysis. In this study, we compared gene expression profiles and pathways of intrauterine decidua in the presence of ectopic pregnancy with 6.5 ± 1.04 (mean ± SEM) weeks with MSE, which is the third week of the menstrual cycle (peak of progesterone) in the nonpregnant state. It has being reported that between 5 and 9 weeks of gestation, circulating progesterone and hCG levels are lower in ectopic pregnancy, compared with normal intrauterine pregnancy. 19 Mean values of progesterone and β-hCG in the latter were 21.3 ± 6.8 ng/mL and 37 533 ± 30 133 mUI/mL, compared with ectopic pregnancy values of 6.3 ± 3.1 ng/mL and 4106 ± 1762 mUI/mL, respectively. However, in our samples, we found mean hCG levels of 16 665 ± 26 267 mUI/mL from the available data (n = 8). Mean progesterone in the mid-luteal phase of a nonconception cycle is 10.83 ng/mL. 20 Although we did not measure progesterone levels in our subjects, which precludes an objective conclusion about the role of progesterone over the endometrium in this setting, the overall gene profiles and regulated pathways observed herein are not consistent with global progesterone withdrawal at the level of the endometrium (as in LSE in nonconception cycles 14, 21 ) or with an inadequate progesterone response. In support of this is the observation ( Table 3) that IGFBP-1, IGFBP-6, somatostatin, HTR2B, HLA-DQB1, RGS2, HBB, IL1R type II, and ADAMTS2 are all upregulated in Preg decidua versus MSE, and are known to be upregulated in either endometrial stromal fibroblasts in response to progesterone 22 or in MSE in nonconception cycles. 14, 23 Another possibility for these findings is a prolonged progesterone exposure.
A study that most resembles our model was used by Sherwin et al. 12 They used intrauterine infusion of hCG in the baboon, and found regulation of numerous genes in endometrium that are important in embryo attachment, endometrial remodeling, antioxidant defense, and modulation of the immune response. Our 6-week decidua data demonstrate that 30 genes out of the 61 genes regulated by hCG observed by Sherwin et al 12 are in common. Of note, MMP7, members of the complement and coagulation cascades, and interleukin-8 (IL-8) are among these ( Table 6 ). The similarities are even greater if the pathways involved are considered, such as the complement cascade and the Wnt pathway (see below).Yet, IL-6 levels reported by Sherwin et al 12 were not found in our study. IL-6 was significantly upregulated in MSE, compared with Preg samples, by RT-PCR analysis ( Table 5) , for unclear reasons. Furthermore, our results are in accordance to those found by Tabibzadeh et al, 24 in that IL-6 mRNA expression increases progressively across the menstrual cycle (in our microarray data: MSE:1.122, LSE:1.625, Preg:1.879), although they were not statistically significant (P = .3). The different genes across the 3 different conditions (MSE, LSE, and Preg) were used for IPA analysis, where the variations of the genes across the conditions can be seen.We decided to validate the main genes identified in the microarray analysis that were relevant for endometrial receptivity or were derived from IPA analysis, such as ETS-1, which could explain the upregulation of MMP7. Of note, MMP7 is one of the products of the Wnt/β-catenin pathway, and this pathway is probably downregulated, and Sherwin et al 12 reported the expression of this MMP. Because of these, we decided to validate MMP7 by IHC. Genes with a wide function, such as cytochrome P450, were precluded from the validation. However, we focus our discussion on the main processes between MSE and Preg samples because they represent the physiological timeline from uterine receptivity through early pregnancy.
DECIDUALIZATION/APOPTOSIS AND PROLIFERATION PREVENTION
Inhibin βA/Somatostatin (SST)/Forkhead Box O1 (FOXO1A)/IGFBP1/TIMP3
Inhibin βA is upregulated in early pregnancy, and this finding is corroborated by Otani et al, 25 who reported intense immunoreactivity in decidual stromal cells during early pregnancy. Inhibin βA promotes decidualization per se. 26 Progesterone (and activation of the protein kinase A pathway) is a regulator of FOXO1A, prolactin, IGFBP1, TIMP3, SST, endometrial bleeding-associated factor (EBAF), and BIM (bcl-2 interacting mediator of cell death) mRNAs in endometrial stromal fibroblasts 27, 28 in vitro and in vivo studies, and all are markedly induced during decidualization process. 14 Herein, mRNA levels of FOXO1A, IGFBP1,TIMP3, and SST were all upregulated in our microarray data, and they were validated by RT-PCR analyses, compared with MSE, except for TIMP3 that did not reach statistical significance. BIM mRNA levels were upregulated in microarray analysis as well. Interestingly, placental corticotrophin releasing hormone (pCRH), whose plasma levels progressively increase during pregnancy, 29 increases FOXO1A and IGFBP1 mRNA expression through signaling via the glucocorticoid receptor, 30 which is upregulated in our microarray analysis (1.4fold change; P = .03), suggesting that the decidua may be a target for placental CRH in an endocrine fashion. Labied et al 28 have shown that withdrawal of progesterone from human decidualized endometrial stromal FOXO1A is accumulated in the cytoplasm of the cells and apoptosis is precluded.Thus, these data are consistent with our findings, and we may infer that progesterone levels found in early pregnancy may preclude endometrial cellular apoptosis through FOXO1A. Furthermore, endometrial proliferation is precluded by inhibition of the Wnt/β-catenin pathway, through the upregulation of DKK-3 and SFRP1, as has been shown by Tulac et al 31 in an in vitro study.
IMMUNOLOGICAL PROCESSES
Immune interactions at the maternal-fetal interface play an important role in implantation biology. Some participants have been found to be regulated in Preg versus MSE, including members of the complement cascade, such as complement factor H (CFH), and from the antigen presentation pathway (HLA-E). The complement inhibition is an absolute requirement for normal pregnancy, where Crry deficiency in utero leads to progressive embryonic lethality by activation of C3 fragments and polymorphonuclear leukocytes. 32 In humans, during the window of implantation, maximal DAF expression, at the mRNA and protein levels, occurs by day 22 of the menstrual cycle and is sustained thereafter in whole tissue and in endometrial luminal and glandular epithelium. 33 Nevertheless, our results showed that only the alternative complement cascade is inhibited by CFH, in decidua in the presence of ectopic pregnancy, as demonstrated by microarray and RT-PCR analysis.The alternative pathway is related to autoantibodies and the initiation of the inflammatory cascade. 34 Surprisingly, the lectin and the classical pathways are not inhibited. These pathways are activated by bacterial surface and antigen-antibody complex, respectively, 35 showing that the decidua is prepared to defend against bacterial infections. Similarly, another antibacterial mechanism, through lipolcain-2 (LCN2) was found in our microarray and RT-PCR analysis. LCN2 modulates inflammation/infection, and prevents growth of microorganisms by depriving them of iron. 36 Furthermore, LCN2 is upregulated by trophoblast products, such as glucocorticoid, retinoic acid, 37 IGF-I, 38 E 2 , 39 and progesterone, 40 and downregulated by activation of the Wnt pathway. 41 All these data are in accordance with the current findings.The physiologic importance of LCN2 in pregnancy can be derived from the genotype of LCN2 −/− knockout mice. 42 LCN2 −/− females have a normal phenotype but are less fertile than wild-type mice. In wild-type mice, LCN2 mRNA and protein in the decidua remain high immediately after fertilization and early pregnancy (on days 1 and 2 of a 20-day gestation), and decline with progression of pregnancy. 43 These findings are comparable to ours in early pregnancy. It is well established that uterine natural killer (NK) cells are particularly abundant around the time of implantation and during early pregnancy. 44 However, the IPA analysis showed a significant reduction of NK cells signaling in Preg samples, compared with LSE as shown in Figure 2 .A possible explanation for this finding can be related to increased expression of HLA-E, a nonclassical major histocompatibility complex (MHC) class I molecule. 45 HLA-E has been related to the inhibition of the killing activity of NK cells. 46 HLA-E complex is elevated in Preg samples, and the presence of HLA-E in decidua may protect an incoming embryo from NK cell attack. Indeed, there is growing evidence showing that decidual NK cells control trophoblast invasion, and this control occurs through the release of an interferon-inducible protein-10 (IP-10), and IL-8. 47 In our analysis, IL-8 mRNA is significantly upregulated in Preg samples, compared with the MSE, which is consistent with the results found by Critchley et al. 21 These authors demonstrated IL-8 immunostaining primarily in perivascular sites in decidua derived from ectopic pregnancy. 21 Upregulation of IL-8 has been reported at the site of endometrial and embryo interactions in most, [10] [11] [12] but not all 13 studies, and hCG upregulates its expression. 12 IL-8 has a potent chemotactic activity on neutrophils migration, 48 and this migration involves the expression of calgranulin A/B complex (S100A8/A9). 49 This complex is upregulated in our microarray analysis, and S100A8 was confirmed by RT-PCR.
EXTRACELLULAR REMODELING AND ANGIOGENESIS
MMP7 and MMP11 are the most highly regulated genes in the Preg samples (Table 3 ). They are known to be downregulated in endometrial epithelium and stromal fibroblasts, respectively, in response to progesterone, although upregulation of MMP7 in response to hCG was demonstrated in the baboon model described above. 12 MMPs are regulated by transforming growth factor beta (TGFβ) family members, and are activated by other proteases and inhibited by tissue inhibitor of metalloproteases (TIMPs). 50 Immunohistochemical staining of endometrial decidua derived in the setting of tubal pregnancy confirmed the expression of the active form of this collagenase ( Figure 5 ). Interestingly, it is one of the products of the Wnt/β-catenin signaling pathway activation. 51 However, because DKK-3 and SFRP1, inhibitors of the Wnt/β-catenin pathway, are upregulated in the decidua of ectopic pregnancy (Table 5) , the marked upregulation of MMP7 is likely controlled by other mechanisms. Therefore we decided to validate the active form of the protein by IHC. Candidates include v-ets erythroblastosis virus E26 oncogene homolog 1 (avian) (ETS-1), which was confirmed by RT-PCR analysis, and retinoic acid, which is highly expressed in Preg samples (Figure 2 ). Both ETS-1 and retinoic acid are known stimulators of MMP7, 52 as well hCG. 12 With regard to MMP11, Popovici et al 11 did not find regulation of MMP11 in a coculture model of trophoblasts and endometrial stromal cells, and further studies are needed to understand the regulation of this MMP in decidua. Periostin was highly upregulated in Preg samples by microarray analysis (7.4-fold) and confirmed by RT-PCR (14.11-fold).There are no published data on POSTN in the human endometrium, although this secreted and soluble extracellular matrix protein 53 has been identified in a wide range of normal adult tissues, [54] [55] [56] [57] and cancers. 58, 59 Its function is related to extracellular matrix remodeling, 60 enhancement of motility and invasiveness of cancer cells, and is a ligand for the integrins αvβ3 and αvβ5. 54 It may serve similar functions for trophoblasts in decidua. TGFβ1 increases the expression of periostin, 55 and TIMP-2 and periostin are codistributed on extracellular matrix. 61 Herein, TGFβ1 was found to be upregulated 2.27-fold (P = .0007) and TIMP2 2.67-fold (P = .007) in Preg samples, consistent with a role and distribution of POSTN in other systems.
Along with its coagulation activity, PAI-1 exerts control over trophoblast invasion. 62 In our study, PAI-1 was upregulated in Preg samples. Lockwood et al 63 demonstrated that PAI-1 protein and mRNA expression is enhanced by estradiol and medroxyprogesterone acetate in decidualized stromal cells from luteal phase and from first trimester endometrium cultured in type 1 collagen gels. PAI-1 is important for pregnancy maintenance, as women with homozygosity for PAI-1 polymorphism have a higher relative risk of early pregnancy loss. 64 The upregulation of PAI-1 without the local presence of the trophoblast is a new finding and needs further investigation.
Thus, MMPs play a key role in angiogenesis by degrading the extracellular matrix and permitting the migration and tube formation of endothelial cells, 65 and IL-8 induces angiogenesis. 66 Lumican is involved in extracellular matrix remodeling, 67 as are MMP7, MMP11, periostin, and IL-8. These observations underscore the importance of extracellular matrix remodeling in the decidua in preparation of the highly invasive trophoblast.
In conclusion, we have demonstrated that the transcriptome of the decidua in the setting of an ectopic pregnancy is likely influenced by trophoblast products in an endocrine fashion, compared with nonpregnant, secretory endometrium.The validated genes in this study are related to the coagulation cascade and trophoblast invasion (PAI-1), immunological processes (HLA-E, IL-8, S100A8, CFH), endometrial tissue remodeling (MMP7, 11, periostin, lumican, IL-8), decidualization, and apoptosis/proliferation prevention (FOXO1A, IGFBP-1, SST, DKK3, SFRP1). Our findings are in accordance with studies by others that used in vitro human and animal models, suggesting that although paracrine interactions are important in the invasive phase of implantation, endocrine effects are also likely important, as well. We also have found genes that have not been described before in the endometrium of early human pregnancy, such as complement factor H, periostin, lipocalin 2, and lumican, as well as CFI in MSE, opening new fields for further investigation. Importantly, in our list of upregulated genes in Preg versus MSE, we did not observe upregulation of GRO-1, DKK-1, and TIMP-3, previously observed in cultured cells of human endometrial stromal fibroblast in the presence of trophoblast, 13 and in stromal fibroblasts treated with trophoblast culture medium. 10 These observations strongly support either paracrine regulation of these factors or a threshold of response to progesterone with regard to specific gene expression. This is in contrast to IL-8, FOXO1A, SST, and IGFBP1, which appear to be regulated by endocrine factors, such as progesterone, hCG, and other placental products that prepare the endometrium for implantation.
